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PROBLEM TO BE SOLVED: To improve reliability, 
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SOLUTION: With the use of a mis-orientated wafer 10 
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rearranged surface silicon atoms, a MOS field-effect 
transistor is structured with a very thin crystalline 
silicon dioxide film 15 which is grown epitaxially on 
the terrace 12 of the wafer 10 as a gate insulating film. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A single crystal silicon substrate and the insulator layer formed in the front face of said single crystal silicon substrate, It is the MOS 
mold hetero structure equipped with the conductive member formed on said insulator layer. Said front face of said single crystal silicon 
substrate It is the MOS mold hetero structure containing the crystalline substance diacid-ized silicon which grew epitaxially on said field [ in / 
it has the flat field on the atomic level formed of the rearrangement of a surface silicon atom, and / in said insulator layer / said front face of 
said single crystal silicon substrate ]. 

[Claim 2] Said diacid-ized silicon is MOS mold hetero structure according to claim 1 which forms the crystal film which continued two- 
dimensional along said front face of said single crystal silicon substrate. 

[Claim 3] Said crystalline substance diacid-ized silicon is MOS mold hetero structure according to claim 1 or 2 characterized by growing 
epitaxially directly on the terrace formed in said front face of said single crystal silicon substrate. 

[Claim 4] Said crystal film is MOS mold hetero structure according to claim 2 which has covered more than one half of the field covered by 
said insulator layer among said front faces of said single crystal silicon substrate. 

[Claim 5] The thickness of said insulator layer is the MOS mold hetero structure of any of claims 2-4 which are 2nm or less, or one 
publication. 

[Claim 6] Said insulator layer is the MOS mold hetero structure of any of claims 2-4 which contain further the dielectric film formed on said 
crystal film, or one publication. 

[Claim 7] The dielectric constant of said dielectric film is MOS mold hetero structure [ higher than the dielectric constant of diacid-ized 
silicon ] according to claim 6. 

[Claim 8] The mistake orientation angle in said front face of said single crystal silicon substrate is the MOS mold hetero structure of any of 
claims 1-7 in the range of 0-20 degrees, or one publication. 

[Claim 9] The semiconductor device equipped with the MOS mold hetero structure of any of claims 1-8, or one publication. 

[Claim 10] The semiconductor device equipped with the non— volatile memory cell which has the MOS mold hetero structure of any of claims 

1-8, or one publication. 

[Claim 1 1] It is the semiconductor device equipped with the nonvolatile memory formed in the semi-conductor single crystal silicon substrate. 
Said nonvolatile memory The gate dielectric film formed in the front face of said single crystal silicon substrate, and the floating gate formed 
on said gate dielectric film, It has the control gate by which capacity coupling was carried out to said floating gate. Said front face of said 
single crystal silicon substrate It has the flat field on the atomic level formed of the rearrangement of a surface silicon atom. Said gate 
dielectric film The crystalline substance diacid-ized silicon which grew epitaxially on said field in said front face of said single crystal silicon 
substrate is included. Said crystalline substance diacid-ized silicon The semiconductor device which has covered 90% or more of the field 
covered with said gate dielectric film among said front faces of said single crystal silicon substrate. 

[Claim 12] A single crystal silicon substrate and the insulator layer formed in the front face of said single crystal silicon substrate, It is the 
manufacture approach of a semiconductor device of having the MOS mold hetero structure equipped with the conductive member formed on 
said insulator layer. The process which is made to carry out the rearrangement of the silicon atom of said front face of said single crystal 
silicon substrate, and forms a flat front face on atomic level by it. The manufacture approach of the semiconductor device which includes the 
process which carries out epitaxial growth of the crystalline substance diacid-ized silicon directly on said front face of said substrate by 
oxidizing said front face of said single crystal silicon substrate on the conditions with which said front face of said single crystal silicon 
substrate is not polluted. 

[Claim 13] The manufacture approach of the semiconductor device according to claim 12 characterized by the thickness of said insulator layer 
stopping said oxidation in a phase 2nm or less. 

[Claim 14] The manufacture approach of the semiconductor device according to claim 12 or 13 which includes the process which deposits the 
dielectric film which has a dielectr ic constant higher than the dielectric constant of the diacid-ized silicon film on said crystalline substance 
diacid-ized silicon film. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the semiconductor device equipped with MOS mold hetero structure and this structure and 

its manufacture approach. 

[0002] 

[Description of the Prior Art] From the former, the MOS electric field effect mold transistor equipped with metal-insulating material-semi- 
conductor structure (MOS mold hetero structure) as a transistor of an electric field effect mold is used. Hereafter, the manufacture approach 
of the conventional MOS electric field effect mold transistor and its actuation are explained, referring to (d) from drawing 4 (a). 
[0003] First, after preparing the usual single-crystal-silicon semi-conductor substrate 50 shown in d rawin g 4 (a), as shown in draw ing 4 R> 4 
(b) using the oxidizing [ thermally "J method, silicon oxide 51 is formed in the front face of a silicon substrate 50. Silicon oxide 51 is formed 
mainly from Si02 of an amorphous substance (amorphous). 

[0004] Next, after depositing conductive thin films, such as polycrystalline silicon film, on silicon oxide 51, the gate structure which contains 
gate dielectric film 52 and the gate electrode 53 as shown in drawing 4 (c) is formed by carrying out patterning of a conductive thin film and 
the silicon oxide 51 using lithography and an etching technique. 

[0005] As shown in oVawing 4 (d), after forming the side-attachment-wall oxide film 57 on a gate structure side face, the source field 55 and 
the drain field 56 are formed into a silicon substrate 51 by the impurity doping method. Under the gate electrode 53. a channel 54 is formed 
between the source field 55 and the drain field 56. 
[0006] 

[Problem(s) to be Solved by the Invention] Thermal oxidation of the front face of a silicon substrate 50 generates distortion in connection with 
the cubical expansion of the silicon oxide 51 which grows up to be the front face of a silicon substrate 50 in the interface between a silicon 
substrate 50 and silicon oxide 51 (silicon-thermal oxidation object interface). This distortion induces a structure defect in a silicon substrate 
50, and causes [ of interface state density ] formation. Interface state density acts as a trap site of a carrier, and causes dielectric breakdown 
of gate oxide 52. carrier mobility degradation in a channel, etc. This brings various bad influences to MOS electric field effect mold transistor 
characteristics, and serves as big trouble at the high-speed operation of a transistor. 

[0007] Moreover, structure transition layer (thickness: 0.2-0.3nm) 51a which becomes a silicon-thermal oxidation object interface from the thin 
suboxidation layer by imperfect oxidation as shown in drawjng 5 (a) is formed. Structure transition layer 51a is formed from SiOx (x<= about 
1.7). On structure transition layer 51a, the usual amorphous SiO two-layer (thickness: several nm) 51b is growing. Although structure transition 
layer 51a is bearing the stress relaxation operation between Si and Si02, since association in structure transition layer 51a is easy to be cut 
by the electron which runs the inside of a channel and electron injection breaks easily, structure transition layer 51a is electrically unstable. 
Since the rate that structure transition layer 51a occupies among the diacid-ized silicon film 51 becomes large as the diacid-ized silicon film 
51 which functions as gate oxide 52 becomes thin, fluctuation and the defect of the transistor characteristics resulting from interface 
structure will become serious. 

[0008] Drawing 5 (b) shows the energy level of the conduction band measured along the depth direction toward the interior of a silicon 
substrate 50 from the front face of silicon oxide 51. and a valence band. It has turned at the energy level 61 of the conduction band in silicon 
oxide 51, and the energy level 62 of the valence electron in the field larger than it containing structure transition layer 51a so that drawing 5 
(b) may show (bending phenomenon). The band gap of silicon oxide 51 is decreasing greatly by the silicon-thermal oxidation object interface 
with the deflection of this energy level. Such energy gap reduction of silicon oxide 51 reduces pressure-proofing and dependability of silicon 
oxide 51. 

[0009] Although the thickness of structure transition layer 51a is about 0.2-0.3nm as mentioned above, the thickness of the part into which 
the band gap of silicon oxide 51 is decreasing amounts to about Inm. Moreover, even if the thickness of silicon oxide 51 decreases, in order 
that the thickness of structure transition layer 51a may not decrease, reduction of the thickness of silicon oxide 51 enlarges the rate that 
structure transition layer 51a occupies in the diacid-ized silicon film 51, and also makes the rate of a band gap reduction part increase. If the 
rate that structure transition layer 51a occupies in the diacid-ized silicon film 51 becomes large, pressure-proofing of silicon oxide 51 not only 
deteriorates, but the problem by the ununiformity of thickness or increase of interface roughness will become remarkable. For example, since 
the electron in a channel 54 runs sensing the irregularity of an interface when the irregularity (roughness) of a silicon-thermal oxidation object 
interface is large, or when the thickness of the silicon oxide film 51 (namely, gate oxide 52) is uneven, an electronic dispersion probability 
becomes large. Since the dimension of a field effect transistor follows on being made detailed and effectual perpendicular field strength 
increases, this scattering phenomenon becomes much more remarkable. This means causing the fall of electron mobility, i.e., the fall of a 
mutual conductance. These become a factor and improvement in detailed MOS electric field effect mold transistor characteristics equipped 
with ultra-thin gate dielectric film will be barred. 

[0010] This invention is made in view of the above-mentioned trouble, and the place made into the purpose is to offer the semiconductor 
device which has the MOS mold hetero structure stabilized also structurally and electrically and such MOS mold hetero structure, and its 
manufacture approach. 
[0011] 

[Means for Solving the Problem] The insulator layer by which the MOS mold hetero structure by this invention was formed in the front face of 
a single crystal silicon substrate and said single crystal silicon substrate. It is the MOS mold hetero structure equipped with the conductive 
member formed on said insulator layer. Said front face of said single crystal silicon substrate It has the flat field on the atomic level formed of 
the rearrangement of a surface silicon atom, and said insulator layer contains the crystalline substance diacid-ized silicon which grew 
epitaxially on said field in said front face of said single crystal silicon substrate. 
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[0012] As for said diacid-ized silicon, it is desirable to form the crystal film which continued two-dimensional along said front face of said 
single crystal silicon substrate. 

[0013] As for said crystalline substance diacid-ized silicon, it is desirable to grow epitaxially directly on the terrace formed in said front face of 
said single crystal silicon substrate. 

[0014] As for said crystal film, it is desirable to have covered more than one half of the field covered by said insulator layer among said front 
faces of said single crystal silicon substrate. 

[0015] In a desirable operation gestalt. the thickness of said insulator layer is 2nm or less. 

[0016] In the desirable operation gestalt, said insulator layer contains further the dielectric film formed on said crystal film. As for the 
dielectric constant of this dielectric film, it is desirable that it is higher than the dielectric constant of diacid-ized silicon. 
[0017] As for the mistake orientation angle in said front face of said single crystal silicon substrate, it is desirable that it is in the range of 0- 
20 degrees. 

[0018] The semiconductor device of this invention is equipped with any of the above-mentioned MOS mold hetero structure they are. 
[0019] Other semiconductor devices of this invention are equipped with the non-volatile memory cell which has any of the above-mentioned 
MOS mold hetero structure they are. 

[0020] The semiconductor device of further others of this invention is a semiconductor device equipped with the nonvolatile memory formed in 
the semi-conductor single crystal silicon substrate. Said nonvolatile memory The gate dielectric film formed in the front face of said single 
crystal silicon substrate, and the floating gate formed on said gate dielectric film. It has the control gate by which capacity coupling was 
carried out to said floating gate. Said front face of said single crystal silicon substrate It has the flat field on the atomic level formed of the 
rearrangement of a surface silicon atom. Said gate dielectric film The crystalline substance diacid-ized silicon which grew epitaxially on said 
field in said front face of said single crystal silicon substrate is included, and said crystalline substance diacid-ized silicon has covered 90% or 
more of the field covered with said gate dielectric film among said front faces of said single crystal silicon substrate. 

[0021] The insulator layer by which the manufacture approach of the semiconductor device of this invention was formed in the front face of a 
single crystal silicon substrate and said single crystal silicon substrate. It is the manufacture approach of a semiconductor device of having the 
MOS mold hetero structure equipped with the conductive member formed on said insulator layer. The process which is made to carry out the 
rearrangement of the silicon atom of said front face of said single crystal silicon substrate, and forms a flat front face on atomic level by it 
The process which carries out epitaxial growth of the crystalline substance diacid-ized silicon directly on said front face of said substrate is 
included by oxidizing said front face of said single crystal silicon substrate on the conditions with which said front face of said single crystal 
silicon substrate is not polluted. 

[0022] The thickness of said insulator layer may stop said oxidation in a phase 2nm or less. 

[0023] The process which deposits the dielectric film which has a dielectric constant higher than the dielectric constant of the diacid-ized 

silicon film on said crystalline substance diacid-ized silicon film may be included. 

[0024] 

[Embodiment of the Invention] (Operation gestalt 1) The operation gestalt of this invention is hereafter explained about the semiconductor 
device which has MOS mold hetero structure. The semiconductor device concerning this operation gestalt has the MOS electric field effect 
mold transistor formed using the single crystal silicon substrate. Like a well-known semiconductor integrated circuit, although this 
semiconductor device includes circuit elements, wiring structures, component isolation construction, etc. other than a transistor in fact, it 
shows only a part for the MOS mold hetero structured division of a transistor with a drawing for simplification. 

[0025] (d) is referred to from drawing 1 (a). First, as shown in drawing 1 (a), a clean surface (001) is formed on the field (001) of the single 
crystal silicon substrate 10 with the vacuum heating defecating method or the homoepitaxial grown method of silicon. More, with this operation 
gestalt. if surface treatment by the heating defecating method in an above-mentioned vacuum or the homoepitaxial grown method of silicon is 
performed to this substrate 10 using the single crystal silicon substrate 10 whose mistake orientation angle 13 is 0-0.02 degrees, in a detail, 
the rearrangement phenomenon of a silicon atom will advance on the maximum front face of the defecated silicon substrate 10, and step 1 1 
and a terrace 12 will be formed in the front face of a silicon substrate 10 at it. 

[0026] In addition, in order to obtain the front face of such a gestalt, wet approaches, such as warm water washing, buffered-fluoric-acid 
processing in which hydrogen peroxide solution was made to mix, amelioration SC-1 washing to which the concentration of hydrogen peroxide 
solution was made to increase, and dilution hydrofluoric acid treatment, may be performed as other surface defecation approaches. 
[0027] It writes (Si(001)-2x1). [ the gestalt of the front face of a silicon substrate 10 in which such step 1 1 and a terrace 12 were formed ] 
The consistency of step 10 in an unit area becomes small, so that the mistake orientation angle 13 of a silicon substrate 10 becomes small. 
For example, when a mistake orientation angle is 0.02 degrees or less like [ in the case of this operation gestalt ], spacing (equivalent to 
terrace width of face) of step 12 serves as magnitude which is less than about 3nm by vacuum heating defecation for about 10-20 seconds 
at about 1000 degrees C. In addition, step 11 is prolonged along the [11-0] direction. 

[0028] On these terraces 12, the atomic arrangement (a "dimer train" is called hereafter.) which consisted of dimers (a "dimer" is called 
hereafter.) of the maximum surface silicon atom is formed. Like this operation gestalt, when the mistake orientation angle 13 of a substrate is 
small, on each terrace, the gestalt to which a dimer train exists in a right angle by turns for every 1 atom step is acquired. 

[0029] Next, the silicon substrate 10 which has Si(001)-2x1 surface-type voice is heated at 850 degrees C with a rapid heating oxidation style 
in a desiccation oxygen ambient atmosphere. Heating time is about 40 - 50 seconds. Consequently, an oxide film with a thickness of 1 .5nm 
grows up to be the front face of a silicon substrate 1 0. According to such thermal oxidation, as shown in drawing 1 (b), the crystalline 
substance oxide film (crystalline substance diacid-ized silicon film) 15 grows epitaxially on a terrace 12. The epitaxially grown crystalline 
substance oxide film 15 has the crystal structure reflecting the surface crystal structure of a terrace 12. 

[0030] Like this operation gestalt. when the mistake orientation angle 13 is small, since step spacing is large, the crystalline substance oxide 
film 15 of the shape of film which spread two-dimensional is formed on a terrace 12. Moreover, at step 12, the crystalline substance oxide film 
15 which grew epitaxially on the terrace 12 of the both sides grows up to be a longitudinal direction, and connects substantially. In addition, 
each step 1 1 and terrace 12 of a silicon substrate 10 show the gestalt reflecting step 1 1 before crystalline substance oxide-film 15 formation, 
or the structure of a terrace 12. after the crystalline substance oxide film 15 is formed. 

[0031] Although it depends for the thickness of the crystalline substance oxide film 15 on the substrate temperature and the oxygen tension 
at the time of epitaxial growth, if the thickness is set to about 2nm. the growth rate of the crystalline substance oxide film 15 will fall rapidly. 
For this reason, the oxidation approach used with this operation gestalt is suitable for forming thin gate dielectric film with a thickness of about 
2nm with sufficient repeatability. 

[0032] According to the usual thermal oxidation, in the oxide-film side of a silicon-oxide-film interface, compressive stress occurs for the 
cubical expansion (a 2.2 times as many cubical expansion as this occurs by Si->Si02) of the silicon oxide film, and a tensile stress occurs in a 
silicon substrate side. On the other hand, since the epitaxial growth of oxide advances based on the atomic structure of a silicon substrate 10 
when forming the crystalline substance oxide film 1 5, the stress of each part in oxide balances and it is thought that big stress is not produced 
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[ near the interface of a silicon substrate 10 and the crystalline substance oxide film 15 ]. From the result of cross-section observation of a 
transmission electron microscope or electron diffraction, it is thought that the crystalline substance oxide film 15 has TOR1D1 dynamite 
structure. 

[0033] Although a crystalline substance oxide may grow partially when a front face performs the usual thermal oxidation to the silicon 
substrate by which flattening is not carried out on atomic level, the amorphous oxide film of one sheet which an amorphous oxide film grows in 
the field in O.ta, consequently contains two or more crystalline substance oxides in the lower part is formed. For this reason crystal- 
amorphous structure will be substantially formed in silicon / oxide-film interface, and the effect of the stress by the thermal expansion of an 
ox.de will attain to a substrate. If big stress arises [ silicon / near the oxide-film interface ], in order to ease the stress, a stacking fault and 
twin crystal will be generated. 

[0034] On the other hand, in the case of this operation gestalt. since the cubical expansion of the wrap crystalline substance oxide film 15 is 
very small and the crystal-lattice continuity in silicon / oxide-film interface is held in the front face of a silicon substrate 10 generating of 
stress is reduced remarkably. Consequently, generating of a stacking fault and twin crystal is controlled. Moreover, if oxidation treatment is 
continued in addition even after growing up to be the thickness whose crystalline substance oxide film 15 is about 2nm, an amorphous oxide 
film wi grow and go on the crystalline substance oxide film 15. Although a transition region exists between this amorphous oxide film and the 
« Substance ox,de fi,m 1 5 ' even b * covering the front face of a silicon substrate with the crystalline substance oxide film 1 5 there is 
[0035J If such a crystalline substance oxide film 15 is used as gate dielectric film, there will also be no un-arranging [ that association of a 
silicon oxide interface is easy to be cut with a hot electron ], and generating of the interface state density accompanying thermal expansion 
will also be lost. Therefore, the annealing treatment performed to an oxide film after oxide-film formation also becomes unnecessary Moreover 
since silicon / oxide-film interface has the conventional not crystal-amorphous structure but crystal-crystal structure, it becomes without 
the carrier in an inversion layer receiving random potential scattering in a discontinuity interface like before. 

[0036] Drawing 6 (a) shows the cross section of the silicon-thermal oxidation object interface by this invention. Between the crystalline 
substance ox.de film 1 5 and a silicon substrate 10, the structure transition layer which consists of a suboxidation layer does not exist so that 
^aw.ng.6 (a) may show. Moreover, the energy level 71 of the conduction band of the crystalline substance oxide film 15 and the energy level 
72 of the valence electron are flats, and do not have reduction of the band gap by the deflection of an energy level, either, so that drawing 6 
(b) may show. Moreover, according to this invention, the problem by the ununiformity of thickness or increase of interface roughness is also 
solved. 

[0037] In addition, even if a phase change may generally arise from an amorphous substance in a crystalline substance with heat a phase 
change does not arise from a crystalline substance amorphously. It can be said that it is thermally stable since the silicon / oxide-film 
interface of this operation gestalt have the crystal-crystal structure. 

[0038] Next, after depositing the polish recon film with a CVD method, the gate electrode 16 shown in drawing 1 (c) is formed by carrying out 
patterning of this polish recon film using a lithography technique. Next, the source 20 and a drain 21 are formed in a silicon substrate 10 using 
an impurity doping technique. Then, the making process of the usual MOS transistor and the same process are performed, and a 
semiconductor device is completed. 

[0039] In this way, if a predetermined electrical potential difference is impressed between a silicon substrate 10 and the gate electrode 16 
about the obtained MOS transistor, electric field perpendicular to the front face of a silicon substrate 10 will be formed, and the channel 17 
shown in drawing { (d) will be formed in the silicon side near the interface of the crystalline substance oxide film 1 5 and a silicon substrate 10. 
[0040] With this operation gestalt, the mistake orientation angle 13 is small, since the step consistency is small, even if an electron runs in 
which direction to a step, interface dispersion of the carrier in a channel 17 (electron) becomes very small, and mobility is improved. Therefore, 
step 18 does not need to prescribe that the location of the source field 20 and the drain field 21 extends straightly to the drain field 21 from 
the source field 20. 

[0041] In addition, if reflection high energy electron diffraction (RHEED) is used, the crystalline substance oxide film 15 is observable. The 
pattern of a crystal surface structure which irradiates an electron ray and changes [ more, ] from the diffraction figure of the reflection 
electron which carried out total reflection to a detail with oxide-film formation at the front face of said silicon 10 at a minute include angle into 
oxygen exposure is obtained. The structural change produced on a substrate front face can be grasped on real time by carrying out in situ 
observation of the substrate front face under oxidation treatment by RHEED. 

[0042] As explained above, with this operation gestalt, ultra-thin gate dielectric film is formed from the crystalline substance oxide film 1 5 with 
a thickness of about 2nm. and the MOS electric field effect mold transistor which has band structure by it as shown in drawing 6 (b) is 
produced. According to this operation gestalt, the problem of the conventional technique is solved and reliable transistor characteristics are 
realized. Although this operation gestalt is applied to the transistor which has ultra-thin gate dielectric film with a thickness of 2nm or less and 
can demonstrate remarkable effectiveness, it may be applied to the transistor which has gate dielectric film exceeding 2nm in thickness. In 
that case, the above-mentioned crystalline substance oxide film 15 will exist in the lower part of gate dielectric film, and an amorphous diacid- 
ized silicon layer will exist on the crystalline substance oxide film 15. Even if it has such structure, by silicon / oxide film interface, a 
suboxidation layer does not exist, but since band structure shown in drawing 6 (b) is realized, outstanding transistor characteristics are 
acquired. 

[0043] In addition. 100% of field of the channel field of a silicon substrate does not need to be directly covered with the crystalline substance 
oxide film 15. Even when two or more crystalline substance oxide films 15 which grew epitaxially on each terrace do not constitute the 
insulator layer of one sheet which continued completely, the effectiveness of this invention is fully acquired. If more than one half is directly 
covered with the crystalline substance oxide film 15 at least, even if the amorphous oxide film will grow on other fields, the problem by the 
suboxidation layer of a channel field will be mitigated, and it will become possible to acquire the dependability fully improved as compared with 
the conventional MOS mold hetero structure. 

[0044] Moreover, oxidation styles other than the oxidizing [ thermally ] method explained with this operation gestalt may be used. An important 
point is in the point which carries out flattening of the front face of a silicon substrate on atomic level. As a result of the front face of the 
silicon substrate by which flattening was carried out on atomic level contacting atmospheric air, even if the thin natural oxidation film is formed 
in the front face, it can do, although a silicon substrate surface is made to carry out epitaxial growth of the crystalline substance oxide film by 
subsequent oxidation treatment. This is applied to behind about other operation gestalten. 

[0045] (Operation gestalt 2) The 2nd operation gestalt of this invention is explained, referring to (e) from drawin g 2 (a). 

[0046] First, a clean surface (001) is formed on the field (001) of the single crystal silicon substrate 30 with the vacuum heating defecating 
method or the homoepitaxial grown method of silicon. Also with this operation gestalt, the substrate whose mistake orientation angle 33 is 0- 
20 degrees is used. Although the substrate with a bigger mistake orientation angle than the substrate used with the 1st operation gestalt is 
used with this operation gestalt. the mistake orientation angle 33 may be a small include angle high to 0 degree or it. 

[0047] If surface treatment by the heating defecating method in an above-mentioned vacuum or the homoepitaxial grown method of silicon is 
performed to such a silicon substrate 30, as the 1st operation gestalt was explained, the rearrangement phenomenon of a silicon atom will 
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advance on the maximum front face of a silicon substrate ^30, and sfep 31 and a terrace 32 will be formed in the front face of a silicon 
substrate 30. The terrace 32 is flat on atomic level. 

[0048] Next 2xSi(001)-1 front face is oxidized using the approach which explained about the 1st operation gestalt. With this operation gestalt, 
the silicon substrate 30 which has the Si(001)-2x1 surface-type voice acquired by heating defecation processing in a vacuum is exposed to 
800-degree C desiccation oxygen gas with an electric furnace. Under the present circumstances, oxygen gas is high-grade-ized with a 
purification machine, and after it fully removes moisture by letting 100% of high grade desiccation oxygen gas pass into liquid nitrogen further, it 
is supplied to a silicon substrate. In this way, as shown in drawing 2 (b), the crystalline substance oxide film 34 (thickness: 1-2nm) grows on 
each terrace 32, connects mutually, and the two-dimensional film is obtained. 

[0049] Next, with this operation gestalt, as shown in drawing 2 (c). the tantalic acid-ized film 35 is deposited on the crystalline substance oxide 
film 34. Since it is about 6 times h:gher compared with the dielectric constant of silicon oxide (Si02). even if the dielectric constant of the 
tantalic acid-ized film uses the comparatively thick tantalic acid-ized film 35, the value which converted the thickness into oxide-film 
thickness becomes about [ of the thickness of the actual tantalic acid-ized film ] 1/6. For this reason, addition of the tantalic acid-ized film 35 
contributes to reduction of leakage current, controlling the substantial increment in oxide-film thickness. With this operation gestalt, if such 
tantalic acid-ized film 35 is not formed in order to adopt very thin gate oxide, there is a possibility that a gate leakage current may increase. 
[0050] Deposition of the tantalic acid-ized film 35 is performed as follows. That is, the silicon substrate 30 in which the crystalline substance 
oxide film 34 was formed is heated at 410 degrees C, and it maintains at a steady state. And the tantalic acid-ized film 35 is grown up until it 
becomes 15nm thickness with the CVD method using the mixed gas of Ta (OC2H5)5 and 02. Then, annealing for about 1 minute is performed 
at 800 degrees C into inert gas. 

[0051] Next, after depositing the polish recon film using the LPCVD method, patterning of this polish recon film is carried out, and the gate 
electrode 36 shown in drawing 2 (d) is formed. Then, the making process of the usual MOS transistor and the same process are performed, and 
a semiconductor device is completed. 

[0052] If predetermined electric field are perpendicularly formed to a silicon substrate surface, an inversion layer will turn on the silicon side of 
silicon / oxide film interface, and a channel 37 will be formed as shown in drawing 2 (d). 

[0053] Drawing 2 (e) shows the flat-surface configuration of the MOS transistor by this invention. Each step 39 shows the gestalt reflecting 
step 31 before crystalline substance oxide-film 34 formation, after the crystalline substance oxide film 34 is formed. 

[0054] With this operation gestalt, as shown in drawing 2 (e), the location of the source field 40 and the drain field 41 is prescribed to extend 
straightly [ step 31 ] from the source field 40 to the drain field 41, and an impurity dope is performed. An electron runs toward a drain 41 along 
with an arrow head 39 from the source field 40. In this case, since the carrier in a channel (electron) runs in a smooth terrace on atomic level, 
without crossing step 38, interface dispersion of a carrier becomes very small. 

[0055] (Operation gestalt 3) The operation gestalt of this invention is hereafter explained about the semiconductor device (flash memory) 
equipped with the non-volatile memory cell which has the MOS mold hetero structure of this invention, referring to (f) from draw ing 3 (a). 
[0056] First, a clean surface (001) is formed on the field (001) of the single crystal silicon substrate 70 with the vacuum heating defecating 
method or the homoepitaxial grown method of silicon. With this operation gestalt, the substrate whose mistake orientation angle 73 is 5 
degrees is used. If surface treatment by the heating defecating method in an above-mentioned vacuum or the homoepitaxial grown method of 
silicon is performed to such a silicon substrate 70, as the 1-2nd operation gestalten were explained, the rearrangement phenomenon of a 
silicon atom will advance on the maximum front face of a silicon substrate 70, and step 71 and a terrace 72 will be formed in the front face of 
a silicon substrate 70. 

[0057] Next, a tunnel oxide film (the 1 st gate dielectric film) with a thickness of 7nm is formed by heating a substrate 70 at the temperature of 
about 750 degrees C within the electric furnace of a desiccation oxygen ambient atmosphere. A crystalline substance oxide grows epitaxially 
on a terrace 72 by oxidation reflecting the crystal structure, and the crystalline substance oxide film 75 which continued in two-dimensional as 
soon shown in drawing 3 (b) is formed. Although it depends for the thickness of the crystalline substance oxide film 75 on substrate 
temperature or introductory oxygen tension, only at most about 1nm grows. With this operation gestalt, even after such a crystalline substance 
oxide film 75 is formed, oxidation treatment is continued succeedingly. By doing so, as shown in drawing 3 (c), the tunnel oxide film 77 with a 
thickness of 7nm is formed. This tunnel oxide film 77 contains the amorphous oxidizing zone 76 with a thickness of about 6.3nm on it including 
the crystalline substance oxide layer 75 with a thickness of about 0.7nm in the part in contact with a silicon substrate. That is, the tunnel 
oxide film 77 has two-layer structure. 

[0058] In this operation gestalt, even if it is maintaining oxidation-treatment conditions uniformly, the phase of the tunnel oxide film 77 changes 
amorphously from a crystalline substance automatically by stress relaxation. However, according to silicon / oxide-film interface, since the 
continuity of a crystal lattice is held, by silicon / oxide-film interface, energy band structure as shown in drawing 6 (b) is realized. Big effect 
does not win popularity by the amorphous oxidizing zone 76 in which this energy band structure was formed on the crystalline substance oxide 
layer 75. According to the approach of this operation gestalt. the effect by the cubical expansion of an oxide film is reduced by the usual 
thermal oxidation as compared with the case where an oxide film is formed. 

[0059] Thus, since silicon / oxide-film interface has the crystal-crystal structure, there is no un-arranging [ that association tends to go out 
near silicon / the oxide-film community with the hot electron poured into the floating gate ] and generating of the interface state density 
accompanying thermal expansion is also lost though silicon oxide contains the amorphous part, the dependability of a tunnel oxide film can be 
raised and the life can be lengthened. 

[0060] After forming such a tunnel oxide film 77, in order to remove oxide-film defects, such as a pinhole, annealing treatment is performed in 
desiccation nitrogen. Next, as shown in drawing 3 (d), the floating gate 78 is formed on the tunnel oxide film 77. As shown in drawing 3 (e), after 
forming an oxide film (the 2nd gate dielectric film) 79 on the floating gate 78 using the usual oxidizing [ thermally ] method, the control gate 80 
by which capacity coupling is carried out with an oxide film 79 is formed. In this way, if predetermined electric field are formed near the 
acquired MOS hetero interface, an inversion layer will turn on the silicon side of silicon / oxide film interface, and a channel 81 will be formed. 
[0061] Drawing 3 (f) shows the flat-surface configuration of this nonvolatile memory. Although not shown in drawing 3 (f), it is arranged so that 
the floating gate 78 and the control gate 80 may lap in the active region of a transistor. With this operation gestalt, as shown in drawing 3 (f), 
the location of the source field 84 and the drain field 85 is prescribed that the straight line which connects the source field 84 and the drain 
field 85 straightly crosses at right angles to step 82, and an impurity dope is performed. For this reason, an electron runs toward a drain 85 
along with an arrow head 83 from the source field 84. Therefore, the electron in a channel 81 will cross step 82. This brings about the 
effectiveness of increasing the effectiveness into which the hot electron generated near step 82 is poured to the floating gate 78. Since the 
height of a step becomes large, this effectiveness becomes remarkable, so that the mistake orientation angle 73 of a substrate becomes large. 
[0062] Thus, since according to this operation gestalt silicon / oxide-film interface has the crystal-crystal structure and does not have the 
unstable suboxidation layer, it can become possible to obtain reliable nonvolatile memory, and read-out/count of write-in actuation of 
nonvolatile memory can be raised. In order not to depend for this effectiveness on the magnitude of the mistake orientation angle of a 
substrate, a mistake orientation angle may be 0 degree. Moreover, even if it forms the amorphous oxidizing zone 76 on the crystalline 
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substance ox.de layer 75, smce silicon / oxide-film interface holds the crystal-crystal structure, it is suitable for the direction which formed 
So6l7r^V ° X t' Z,n f h Z ° ne Jfh°? T ^-^^staW^ substance oxide layer 75 using it as gate dielectric film of nonvolatile memory 
[0063] In addition, ,t »s thought that there ,s effectiveness at the time of applying this invention to nonvolatile memory notably [ when the 
crystalline substance oxide film has covered 90% or more of the field covered with the floating gate while on the front face of a substrate ] 
Thus is because read-out/count of write-in actuation will be decided by the life of the part if the field where the front face of a silicon 
substrate is directly covered with the amorphous oxide film exists widely under the floating gate, therefore, the field where the oxide film is 
rnn^i ! 5 g3te " a WraP confi euration is directly [ 90% or more ] desirable at a crystalline substance oxide film 

[0064] On the other hand it is desirable that the field covered with the gate electrode from a viewpoint of raising carrier mobility about the 
usual MOS trans.stor. and moreover ma.nta.n.ng the dependability of gate dielectric film highly while on the front face of a substrate has 
covered 50% or more directly with the crystalline substance oxide film. 

[0065] In addition, although the above-mentioned nonvolatile memory is the stack mold with which the control gate was prepared on the 
tonl*f, gate ' u the u Contro1 gate and the floatin S S ate of this invention are effective also to the split mold arranged in the longitudinal direction. 
[0066J In each above-mentioned operation gestalt, although field bearing used the silicon substrate of (001), the substrate which has other 
field bearings may be used. When especially the substrate of Si (1 1 1) side is used, it is possible it to form a step / terrace gestalt, even if wet 
washing by the alkali system solution does not necessarily use the heating defecation technique in an ultra-high vacuum, either since the 
smooth side of atomic level is acquired comparatively easily 
[0067] 

[Effect of the Invention] According to the MOS mold hetero structure of this invention, it has the flat field on the atomic level in which the 
front face of a s.ngle crystal s.hcon substrate was formed of the rearrangement of a silicon atom, and the insulator layer formed on the field 
contains the crystalline substance diacid-ized silicon which grew epitaxially on the front face of a single crystal silicon substrate For this 
reason. MOS mold hetero structure with few crystal defects is realized, without giving stress strong against a silicon substrate on the occasion 
of formation of an insulator layer. Moreover, since neither the amorphous diacid-ized silicon film nor a suboxidation layer exists in the interface 
of a single crystal silicon substrate and an insulator layer, the MOS mold hetero structure excellent in pressure-proofing is acquired. 
[0068] The MOS mold hetero structure whose dependability improved is offered using ultra-thin gate dielectric film, since the field of most 
insulator layers will consist of crystalline substance diacid-ized silicon layers when thickness of an insulator layer is set to 2nm or less. 
[0069] If a dielectric film is added on crystalline substance diacid-ized silicon, it will become possible to reduce leakage current further. 
[0070] According to the semiconductor device of this invention, since it has the above MOS mold hetero structures, high-speed operation is 
possible and the engine performance which was moreover excellent in pressure-proofing and dependability is demonstrated. When especially 
this invention is applied to nonvolatile memory, since the oxide film which cannot deteriorate easily due to hot electron impregnation is 
obtained, it is desirable. 
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* NOTICES * 



JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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[0 0 3 3] ftEA<II^U^;UT*¥iB<b£*lTl^«i:l^> 

■eifaji»<bKA<fifcfiL. Tm^mmmsk 

l^T* C -St. *<&l£*i£|g:Ft]-r-i>fc#>|:: 

[0 0 3 4] C*t|C^Lr*Sljffi»$ffi(Dli^l4, ->'J=1 
>Sffil 0<DSfi£B56A1tB1bmi 5<D«:»ffig?SI4 
«»T/J*4 < . v 'J n iz/iMbKSffi-ecDfSAt&^iitt 

£SaftiMblMl 5*^2 n m©(?$ Lfc&fcfcfc 

■Wbftm^aif*^ ttARUHbRi 5±lc#H!l<Di$ 
<b«*«ja*LTff < o c<D#ASBHbl8i£$SAeiHbJls 

SBIifSAKlMbHi 5lcSt>HT*r*fe-5. 

[0035] C05J;5 ttttAKIHbM 1 5^7- htelft 

a >i$ibflS^sro$S^A<tjjr 3 ^,^-rL^L^5TH5^t^f 

<. mm&\zw?%.mm&.o>n±* J m<t£2>o Ltztf-o 
-»fi»«nft-ci*js:< . tsA-tSAfliifi**-r4<©-c. 

[0 0 3 6] |6 (a) 14. ^Ml^^v^^-i 
^b1$!)Jf.Stf>giffi£iF LTO-So HI 6 (a) TbMbfrfr'-i) 



£5!-. $SAft^b«l 5iv'Ja>Ifii OtOffliz 
14. Ea<b»*e>«j:4t||j6asjlii#£L*l*. 

0 6 (b) frt>t>fr*>&5iz % SSASSiHblSl 5 0>mm 

7 2147^ y hT'&y . x^;u^u^;K75ftA<«Jic,fci) 
/OK^v^fflJi'^t.fclv, *SEWl=J:*ild;. 
H«cD^ tS) — ^J?® ^ y * x tf>ig* iz «fc 5 ma t g?>g £ 

[0037] fc*>\ -f&ic^i-^oriEASfA^iiSAJf 

izftmttfS. t4ct*<ftott. Attfr b 2MiStf= 
[0 0 3 8] >)riC7ts°U v'J =J>flI^C V D;4T*Jt?aLfc 

->^*-r-5c<tir ^r, in i (c)ir^-r^— h 

l^v'Ja^iiil OIZV— X2 Ofc.fcLCKU'f >2 1 

Iff <!: EIHkDiii £<t o T $ ^Jjg-T . 

[0039] C?Ltf#bW:MOS h7>vX5i;o 

i^r. ->u=i>stei oty-ngi 6 tomizm-m 

<Dm\±£W1)Q-ti>t. v'J=I>tt*El OCDSSI-Sltfc 
«#*<»fit**t, iSSARSHbilli 5t->U3>gffii o 
<b(D^®jfi^ro->'J =i>t?i|iz|21 1 (d) iciF-f^A**^ 

1 7A^)$$4X^ 0 

[0 0 4 o] *HSM$SIT?I4. ^t'Ji>f->a > 
T" v ^ir^ LT t*<757JlS]l±^T L cfc 5 i: t , ftt-JH 

7*w^A' , J7' («^) <o*s»ai*«tor^* <«C 

— XMm2 0A^e, KU-f >fIHE2 1 ir^o-r <*lc?il>*-5 
*3i:v- X$IlgE2 Ofccfclj; KU-C l^fligE 2 1 (D&WZ 

[0041] tjits s ^.mM^m^^m (rheed) ^ 

fflt^l4'$SaM^bBSl 5^ft^ctA(t^5, J: 

yEMfflictt, m.m&ntpizffitizis') =i > 1 oro^ffiic^s 

A^i*<bMff5ii!clc#or^^bri)$SaS®tSitro/N 0 ^ — 
>*^#t>4x-i)„ iMitflJlfigSS RH E E D1?f 

©»«sir4cti=j:y**Raffir=±i:*«iSft<b*'j 

[0 0 4 2] lil±l5iBJL/==fc3l-. *S«S»ffi-CI*. I? 
^ 2 nmgJga>«j£K81bH 1 5^&«Jiy- h$fe.^M 
^ff$fi£L, ^-til~cfcorll6 (b) lc^-r,fc5l-/<> K 

«jft**-rftMos«*jaaisi! h^^vx^^^is-r 

14. I? 2 n mWT0)il7- HSil^tt 5 f-7 > 
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lclif)iR(D$S B s B KiHb)Kl 5#ff£U ^(D^HftlHb 

m 1 5 ro±iciiiN e B KcD-^^v «j =i >mtf&&-fzz 
mitm^-mx'it. wmtmtfn&-et\ me (b) ic^ 

f K^il^ilSiLTl^fcttu i£*l<fc h7^yX5 
[004 3] v'J=i>St5a)^-v^-JUMi|!ca)1 0 

0 o^MmA^iiaintM 1 5 iz& -d xmmizmfrH 

x^Zi&mitUi^ #f7X±i:i t°^^->v;ufiE^L 
fctSSSKD^Uff SHbH 1 5 A^^lra^ Lfc-te(Difei^ 
SI £ muz L r & L t *&H roan l*3t »lc f# £> *t 

-So ^V*;HSHE<D'>&< tt^ttWitfliSliHgHbljl 

1 5lC«tortt^fl*)l-a^LTL>*lli. fc<!rK.fte<D^iJiE 
±l-# B B B »i^bJS#J&gLTl^£ LTt, Slifclilc 

J:^)P^SIi^M^*t. St^(7)MOSS^T-P«itlCtbix 

l r it»\z. £ Htzmtm &m -s - <t tfsimz & % „ 
[0044] &tz. *nmr>MT'mwLtzmMitmvm 

*®£D!^U-<^T-¥tIlbL.-Cfc< ,£l-fc-5„ (g^U^ 
;UT'¥tHb $ ftfc •> U n >2M£<7)S® t mm Ltz 

asm. *ommzmi^mmtmt>wmz*itzt lx 
t<D'&(Dmmm\zji-;>x^') =i >sffia®ir^n 

£1*. &lcife<D||jffi^lroUTt£>TI;}:£.So 

[0045] mmm 2 > ia 2 c a > c, ( e > £# 

BBL^CA<e>, *#gB£<DSB2(D3lffi©ll£|&BJ-f -So 
[004 6] *"Ts K^iDl^«;f 1b;£-^ v U a XT)*^ 

0CD (00 1) S±|c (00 1) ;»;$^®£JfefiJc-f -g> 0 

2o° wsis^sh^o *mm%mxiz, mi<nmmr* 

#£S«£ffll,*Tl>&j!l<, 5XtiJl>f->3 >^3 
3 1*0° A^tLlC^tN/jN^Aj^^T-fcorcfcL^ 
[004 7] C<D<fc3^v'J=i>*fe3 OIC^LTiit 
CDK£+OTiQf!fc>t;#Mb;£-V>-> U a >CD*^Ei tf$ v ^ 

n >m^-comm^m^m^ u 3 o cog 

®lzx^->^3 1 tf7^3 2tMM$ti§. 
3 2\tf%=Fl"<)\sX : ¥-tBX>&&<, 

[00 4 8] » 1 (D-mmmAzi^xmwLtzjj 
ijjffli^ts i (o o 1 ) - 2 x 1 mmzmt-r&o * 

si (o o 1 ) -2 x 1 afisj&fg^-r&v'j =i 

3 o^lmtPlcTS 0 0°c<Z>f£4£g£m;tfx|::flI-to -tf> 
itm^xiiSM<il-r^glbL. $^iz;&<*^» 
+ 0 0%(7)SiS3E®l!;^i«m*'X^Jl-rc < t|rJ;oT 



Ut> IH 2 (b) Ic^f*?!^ $SHftSHbfil3 4 
(JS£ : 1 ~ 2 nm) A^f7X3 2±lCj£gU *B5 

[0049] ^mmmmx'\t. 12 ( c ) i=*-t 

*3l=. *SJIKIHbBt3 4<D±|C*>$)UgHb«3 5^ 

Jt^-r^o ^^^^^bflKD^mmiiv'J^^^bls 
(s i 02) nmwmizit^xmefem^tztb. it&tfi 
I5i>$ >$;HHbJis3 5 ^fflt^rt, £i£ibflS 
(1* ir^»Lfcffii*^<D^ >$;u|£<bfit<7)J?£<D 1 / 

6*D£|C&.|, 0 Z0)tztb$ >£;HHblH3 5tf>ttflQI;J:. 

[0 0 5 0] ^ >$;i/»ftB3 5(DitS(*;*C0cfc5ICL 

=I>»1S3 0^4 1 0°C|r^^Ls ^^ttlllC^^o J E- 
LT. Ta (OC2H5) 5^ 02t<D}%-£Ji*$;mi^tzC 

0 0°CT: 1 'Amm<DT-— JlsZ'n^o 
[00 5 1 ] L PC VD;i£ffll*T7K'J v 'J =l > 

T. EI 2 (d) ir^f hm*£3 6$Mt4o -^<D 

[0 0 5 2] Hf^O)«S!L$vU=i>S«Sffi|zS?rLTS 
StE»A<-e#. 02 (d) ic^f «fc5l::^**;u3 7A< 
[0 0 5 3] 12 (e) J4 % **Wl:*5MOS 

3 4ff$fiEfja)XT-^^3 1 SSI*Lfc©ffiS*LTL^ 

•So 

[00 5 4] *HJ6»lffiT?l*. !132 (e) I^^^H^J: 
Xf 7^3 lA<V-XMlt4 0^b KU-<>^ 

4 1 (C^o-T ClZ&tf&cfc 5ICV- X?im4 0 fccfeUTK 

-<>4 ii:[S]^ot^Ttl)o ccd^^. ^-v*;u*gd 

[0 0 5 5] (SltE«8B3) JUT, 0 3 (a) ^ »b 
(f) S»!HL«P6<&. ^^CDMOSS^^fPmif^ 
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[0 0 5 6] £Y\ H^Df^>f;f1b;£^vU=i>cr)7fx^ 

x * •> * ;uj$s&ic cfc ~> r . wtsa > u a >ss 7 
oa> (ooi) ®±|- (ooi) S;fii^Mt5o 

<D»4££ffll^ 0 -0)<£?fc^UP>*ffi7Olz>tfLT 
±2EO)Sffi*a)JlOSSft;*;*jb;i •¥> v 'J p XD^xt^ * 
v*JUj£5;£|:icfcl>«ffifflJi£fr5i:* * 1-200** 
^^ICOlxTlftB^LfcctaiC, v'j3>Sffi70(Di$ 

Br* v U a >IBT(DillE5iJ8ftA<JHT U v 'J p 

7 0(DiIl:xf 7^7 1 (hf7X7 2i:«$h 

[0057] fiHiX«ift(Dlft^n-e 7 5 o 

°cfiga>;gjer*a«7 o^saBft-rscitfCcfcy^ 7 

-5c iftl:J:orf7X7 2±IC^CD^S^^SttL 
( b ) izfrsTtk o \z 2 ;*7c6UMir 2fiS Lf-sSSafCgHbJH 

A^jastifcatgistt^Kibffla^aia-rSo fat 

^^l^^t, i3 (c) IZTrst^oiZ^ U7nm 

^hWwHibl7 7BiSt§o ceo h>*;u»*b« 

7 nmfIS(Dtea*K<b^B7 5S$^ % ^<D_tlZJI£ 
6. 3 nmflJjCBlEaHKlbJf 7 G&^/uVl^&o tfc 

[0 0 5 8] *H)5£ff2Bi3fei>Ti4> »*bto3SM*£— 

7 7(7)ffi^g^fz$S B lM^8^ 0 e B M[Zil^-r^ o L^L 
v'J p >/K<bK#B-ett*gS»^-<7)ilfil14A< 

(b) l::^<£ 5&x*;u^/\> KiiStfUSf ttT 
ho C(Dx*;u^/*>K*iSl*. «SKtt1b«9JB7 5(D 
±l-»« Lfc^SS^bB 7 6 |- J: oT*#tt!B«l*8 

K«fc5K»IS\ a«(DI»»<tlCctoT»<bK*»«-r4 

[0 0 5 9] ZCDcfc^l^vU p>/^bMJ£B#3£a- 

'A^Aj-T-l^tzt Ltt, 7P-f<{ MC&A 

»»i=ff3#ffi*fst(D*±%«i<^sa)-e. k>*ju» 

[0O6O] ^(D&oU hls*)\,m\tmi 7 ZmflLLtz 

8L tfv^-;u^t*<D»iblH*l«*l»*t-*fc»^tt* 
a**lcT7=-;u*B«**T?o B3 (d) ir^ 



7 8S»fiJt5. iitt(»f»»<b5**fflt^r. 03 (e) 

ic^-r^iz. ^p— ^ h 7 s ±iz»<bffi 

oT§fiS£*£ti£z! > KP— ;u<f— h 8 0 

[006 1 ] HI 3 ( f ) (4. ttWm±* 'J 
/££^LTl>6 0 113(f) |Zli*$*iTL^l\*<. 37 
Istff— h 7 8 <fcp > hP-J^*- h 8 0 

K^>^X^(DStta«|zt5L^r«<j:4cfe5l3iElt*tL 
tt^o *Silfi»ffi-ei*. 03 (f) tZTr.Zti&^^iz 
v-^fW8 4i KU-f>fW8 5^S^tci:^; 
II«A^-r^^8 2 £SttfcX*-r**5l::v-x«« 

V— X«igt8 4fr£> Kl/>f >8 5ICfS]^or*ff-rSo 
Stot, ft^i/8 1 ^CDS^texi^^s 2 £*§t«J£> 
-t(r^i, 0 C(DZ<h(4 % x^'>^8 2<Dififi§-c?**L 

tzfcv hP>^7P-f-T l/<ff— h 7 8^;$ 

A£jK£&¥£ii*£l**<tl*5&*£ifc*^o CCD 
26*14* SffiOSXt'Jx^f-va >^7 3A<*#< 

So 

[0 0 6 2] cc^jzdl^^StiSE^JSlCckHfi. v'Jp> 
/»<bK#fflA<*ga-«Sa«ift£#U ^FSSfcSBMb 

»ftCi*<Wll6l=<i:y . ^«SS14>^E U(DK*ttJL/« 

(4, Sft(D = X+Ui>f- va >S<D*££KI4#;# 

tcti^o ^/c, jgais^b^i@7 5<D±iz#iknmitm 
7 6$»*Ltt., vu^^/^binsffiiijsa-tea 
«Jt*«»LT^*fc«). «»a>«iAlHMbttll 7 5± 

— LT&mTf&<D\zmLT^& 0 

[0 0 6 3] **B^$.^ff^fife>^EijrciiSfflLfc 

i§^<D2ssi4, a«a®a>5*>3?p— x-c >yy-n: 

I*. > U p >»«a>«ffi*<lf aM»<bKi=* o r it»iz 

P— ^-f Xff— hI^«fcoTa3b*lTL^4«aa>9 0% 
IUJh*«aK»^biB-(?lH*lza5fllfi£A<B*LLx. 
[0064] -tLlZ^LT. IS0MOSll!h7>vX 
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[0 0 6 5] ±E^SJ6tt>^'Jlt 3>hP- 

- KtA««^|fi|lciE5iJLfcX^U ^ hSl::*f LT**S6 

[0 0 6 6] ±!B(0«-glifcJi2!fi|::fci*Tf** H*ii*< 
(00 1) <7V>U=J>««£ffll*Tl^fcJ&<. -^C0te<7)® 
Sfi£*"r6S«£fHl*T%ftl\, *#fCS i (111) 

[006 7] 

[9MH0>8&*] *9SW0)MOsa^T-a«iSircfc*itf. 
f z x bf $ * ;uj*ft l feign R=»<b •> g a > 

MOSSS^-rP«|iftA<*3H$tl*o fISiv'Ja 
[0 0 6 8] $fe^flKDj?$^2 nmUTCt 

Hsc^ic^sfc*. >n y - h $6 m m £ m i * & * . 
«ffltta>ra±LfcMosS's^p«iaA<a«$*i4o 

[0 0 6 9] «»H-M<bi>U=i>-tlz««f*l«*f*lin 
[0 0 7 0] **WO)*»f*««lCck*itf. ±i£Ocfc5 

Tfx^ hil/^ Ka>;iAlCcfcoT^MbL(c< lN^bflI?b< 

[0®<7>®m^^] 

[HI] (a) frio (d) I*, 

[02] (a) frh (d) fi. *^0^(Ccfc^^#^^a 

(e) tev — Ku-f * jurist coiifi 

[13] (a) (e) f±. *3^IZcfc&i»£»tM£» 

(Dgiit^a(Dm3CD^ff^^^-rxfiBT®iiir*fey % 

(f) liv-x/Fu-f ^mMtT-**)i>$mt<D&m 

[14] (a) j&x£> (d) It. MOSh7>vX^ft 



[05] (a) lift3fe(&MOS^T-D#H£*U 

(b) li^<Dx^^^-/<>K«it^*Lri>*o 

[16] (a) li*3BKI::«fcl>MOS^P#B£5F 

U (b) lif(Dx*;^-/\*> KiiSSSLTL^. 
[#^-<DtftBJ3] 

I 0 Si^ (001) Btfciv'J =i >Sffi 

II y'J^> (001) ii±(DXf 7^ 

12 y'j3> (001) S@±C0^ ^ X 

13 SXt'Jl>f-v3>ft 
i 5 MMifcltBt 

1 6 y— KtKU v'JziVWl 

1 7 T**)l> 
1 8 

1 9 Sl£Jl**A' l J7a>3S*i4^IfiI 

2 0 V — X 

2 1 ku-t > 

3 0 SSA< (00 1) Itfciy'J =1 >SS 
3 1 v«J=l> (00 1) $@±(DXf'V^ 

3 2 v U =1 > ( 0 O 1 ) SS±C0-x^X 

3 3 $Xt'Jx>f-V3>ft 

3 4 ttlRMbfll 

3 5 2>£;uSHbfiS 

3 6 KtKU v 'J 3 >*ffi 

3 7 ^-v*;u 

3 8 X^y ^CDliM 

3 9 JRIeS**"* 'JT^^n^^fS] 

4 0 V— X 

4 1 KU-f> 

5 1 v ij n 

5 2 y-hgHbK 
5 3 h«tt 

5 4 =S-\*)\, 

5 5 V— X 

5 6 KU-f> 

5 7 {FJJitiHbfll 

7 o saa< (ooi) sr fe^v'j Z3 >s« 

7 1 V'J3> (OOD i®±0Xf^? 

72 ->ij=j> (001) g®±<D^X 

7 3 5Xt'Jx>T-V3 >^ 

7 5 sSSSSfSHbli 

7 6 OMKIbHI 

7 7 h>*JHHb« 

7 8 :? n— ^ hfflTH'J v'J =i > 

7 9 y-h^bM 

8 O =3 > hn-^ffly- KtK'J *>U =i ^^41 
8 1 f -V^ 

8 2 ^^bfJCOX^ ^ ^CD{iS 

8 3 E*e» + *-V U T<DyfcfoZ>?5fa 

8 4 V— X 
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8 5 K U-f > 
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[13] 




